A theoretical study of the freezing of adhesive hard spheres within the generalized-effectiveliquid approximation has been performed.
I. INTRODUCTION
In recent years much of the successful work on the fluidsolid transition [1] has been restricted to the freezing of hard spheres (HS) for which the nonperturbative densityfunctional theories [2] provide very accurate results for the fluid-solid coexistence data. The HS system lacks, however, one of the most important features of the real &eezing transition, since its phase diagram exhibits no temperature dependence. The straightforward extension of the above theories of keezing to more realistic potentials has encountered difBculties and, at present, most of the current work is therefore concerned with setting up perturbation schemes for smooth potentials that use the HS solid as a reference system [3] , in analogy with the perturbation theories for the liquid phase [4] . In the present study we consider the &eezing of adhesive hard spheres (AHS), a system situated at the borderline between the above domains, since its potential is still singular but its phase diagram is temperature dependent and in many respects similar to that of more realistic systems.
The physics of AHS is most easily understood by starting &om a system of particles interacting with the following "square well" (SW) = B2 (1 -1/4r), then all the structural properties of the AHS systein (see below) will depend only on the scaled distance r/o, the dimensionless density or packing fraction rl = npo' /6 (p being the number density), and the adhesiveness parameter r i. Wheñ -+ oo the AHS system reduces to the ordinary HS system, while for finite values of the adhesiveness parameter (r g 0) the AHS system can be viewed as a system of HS with a strong (Vp~oo) surface (e~0) adhesion (attraction). The total thermodynamic properties of the AHS system will, however, depend on g and on both w and T. Within the AHS model the relation between~and T is arbitrary. A specific relation between 7 and T can be obtained [6] 
where r is the adhesiveness parameter of (1.3), and [
(2.3b)
Substituting (2.4) in (2.6) one obtains (using a computer algebra method) the following explicit expression for g(i1,~): where w = Ag(1 -il) and Z = PP/p is the compressibility factor, P being the pressure. The central quantity of interest here, f, the Helmhlotz free energy per particle of the Quid phases, can be obtained from
where A = h(2vrmk~T) i~i s the thermal de Broglie wavelength and g the reduced excess free energy per particle,
where Qpv(il) is the PY-HS result
and (2.8) GELA, the variational free energy f,(rl, w; n) is given by [2] If the periodic density of the solid )()(r) is parametrized in terms of Gaussians, i.e. , to be used in (3.2). Equation (3.3) can also be further transformed into an integral equation or into a system of two first-order differential equations. Here we have followed the latter procedure (see [ll] for details).
For small values of the adhesiveness parameter (7~-+ 0) the solutions of the AHS equations (3.2) and (3.3) approach smoothly the PY-GELA results [2] describing a stable face-centered-cubic (fcc) HS crystal (see Fig. 2 ). Increasing the adhesiveness Rom the HS limit (w~oo) to approximately r 5, the density for which the fcc crystal first stabilizes remains practically constant (rl In Table II we compare some of our predictions with those of the previous theoretical attempts [9, 10] . We have found no trace of the reentrant liquid phase found in [9] . Needless to say, the respective merits of the different theoretical approximations can only be assessed by performing computer simulations of the L-S transition of AHS, a study which at present is still missing.
V. CONCLUSIONS
A sytem of adhesive hard spheres can be viewed as a rough approxixnation for certain colloidal supensions with strong attractions [7] . The direct correlation function of the fluid phases (both liquid and gas) of AHS within the Percus-Yevick approximation has been given in closed form by Baxter [5] . Here we have obtained the corresponding closed-form expression (2.7) for the free energy of these fluid. phases. These expressions have been used then as input information in a nonperturbative densityfunctional study of the solid phase and the liquid-solid transition of AHS. Within the generalized effective liquid approximation (GELA) the liquid-solid transition of AHS is found. to exhibit most of the freezing features of simple liquids. In the region where the liquid-solid transition of the GELA crosses the (PY) percolation transition (which would correspond to a gel formation for the colloidal suspensions), the solid is shown to become mechanically unstable. This precludes the existence (within the GELA) of a direct connection between the liquid-solid and the liquid-gas transitions, and hence the existence of a gas-liquid-solid triple point. 
